The observation of charged lepton flavour violation would be a smoking gun for new physics and could help in pinpointing the mechanism at the origin of neutrino masses and mixing. We present here our recent studies of lepton flavour violating Higgs decays in the inverse seesaw and its supersymmetric embedding, two examples of low-scale seesaw mechanisms. We predict branching ratios as large as 10 −5 for the decays h → τ µ and h → τ e in the inverse seesaw, which can be probed in future colliders. Supersymmetric contributions can enhance the branching ratio of h → τ µ up to 1%, making it large enough to explain the small excess observed by ATLAS and CMS.
Introduction
The observation of neutrino oscillations proves that neutrinos are massive particles that mix and calls for an extension of the Standard Model. Many neutrino mass generating mechanisms have been proposed and the discovery of a Higgs boson in 2012 [1, 2] with a mass of m h = 125.09 ± 0.21(stat.) ± 0.11(syst.) GeV [3] opens new avenues to probe these models. Since neutrino oscillations violate lepton flavour conservation, particularly well-motivated observables are charged lepton flavour violating (cLFV) processes. Both CMS and ATLAS collaborations have searched for cLFV Higgs decays [4] [5] [6] and both have observed excesses in the h → τ µ channel, which translates into BR = 0.84 +0.39 −0.37 % for CMS [6] and BR = 0.53±0.51% for ATLAS [5] . These results and future improvements in sensitivity call for a study of their impact on neutrino mass models. We focus here on two low-scale seesaw mechanisms, the inverse seesaw and its supersymmetric (SUSY) realization.
The (SUSY) inverse seesaw
One of the simplest and most appealing extensions of the Standard Model (SM) that generates neutrino masses and mixing is the inverse seesaw (ISS) [7] [8] [9] where the SM is extended by adding three pairs of fermionic singlets with opposite lepton number, denoted here by ν Ri and X j , with i, j = 1, 2, 3. The following neutrino Yukawa interactions and mass terms are thus added to the SM Lagrangian [10] :
with L the SM lepton doublet, H the SM Higgs doublet, H = ıσ 2 H * , Y ν the 3 × 3 neutrino Yukawa coupling matrix, M R is a lepton number conserving 3 × 3 mass matrix, and µ X a Majorana 3 × 3 symmetric mass matrix. Since the latter controls the size of the lepton number violation, its smallness is natural [11] . After electroweak symmetry breaking, the light neutrino mass matrix is given by [12] 
where m D = Y ν H , while heavy neutrinos form pseudo-Dirac pairs whose mass is approximately given by the eigenvalues of M R with the splitting within a pair controlled by µ X . Since the light neutrino masses are suppressed by µ X , the ISS can naturally accommodate light neutrinos at the eV scale with Y ν ∼ O(1) and a seesaw scale around the electroweak scale. The SUSY ISS is the simplest supersymmetric embedding of the ISS. It is defined by the superpotential:
with ε 12 = 1, H 1 and H 2 the down-type and up-type Higgs bosons. The reader can find the corresponding soft SUSY breaking Lagrangian in our main article [13] . Importantly, all soft SUSY breaking masses are taken to be flavour diagonal, making sure that the only source of cLFV is the neutrino Yukawa coupling Y ν . 
cLFV Higgs decays in the inverse seesaw
In this work, we have considered the full set of one-loop diagrams contributing to the cLFV Higgs decay rates in the ISS. All diagrams, the details of the calculation as well as the details of the constraints implementation can be found in [10] . In particular, we make use of two parametrizations in order to reproduce light neutrino masses and mixing in agreement with oscillation data [14] , a Casas-Ibarra [15] parametrization for Y ν , modified for the ISS, and a new parametrization for µ X :
where U PMNS is the 3 × 3 Pontecorvo-Maki-Nakagawa-Sakata matrix for neutrino mixing. The left panel of fig. 1 shows BR(h → µτ ) as a function of the two most relevant parameters in the case of hierarchical heavy neutrino. Since we use a modified Casas-Ibarra parametrization here, Y ν grows with M R , which leads to larger BR(h → µτ ) at a larger M R 3 . In contrast, Y ν decreases when µ X increases, meaning that BR(h → µτ ) grows when µ X decreases. Circles and lines correspond to two regions with different dependences on the seesaw parameters, which is specific to cLFV Higgs decays. Radiative cLFV decays only exhibit lines for example. We can clearly see that, in this case, BR max (h → µτ ) ∼ 10 −9 due to the stringent experimental upper limit on BR(µ → eγ) [16] .
The right panel of fig. 1 displays BR(h → µτ ) as a function of the seesaw scale in the µ X -parametrization with degenerate heavy neutrinos. We are now free to choose as input 
where the constraint
The main constraint in this case is BR(τ → µγ) [17] , which decreases faster than BR(h → µτ ). As a consequence, we find that BR max (h → µτ ) ∼ 10 −5 , a result that remains valid with hierarchical heavy neutrinos. Similarly, we found BR max (h → e τ ) ∼ 10 −5 . Details of the analysis, including the dependence on other parameters, can be found in [10] . Branching ratios of this size, while they cannot explain the small LHC excess, can be probed at future colliders.
cLFV Higgs decays in the SUSY inverse seesaw
For this study, we have calculated the full one-loop SUSY contributions in the mass basis to the SM-like Higgs boson, denoted by h and taken to be the lightest CP-even Higgs boson. The contributing diagrams as well as the complete analytical expressions can be found in [13] . We have taken into account various experimental constraints like low energy neutrino data and cLFV radiative decays, choosing as examples two benchmark points with a Higgs boson mass within 1σ of the central value of the latest CMS and ATLAS combination and with supersymmetric spectra allowed by ATLAS and CMS searches.
We present in fig. 2 the predictions of BR(h → τ µ) as a function of the seesaw scale and the sneutrino trilinear coupling for the three neutrino Yukawa textures presented in the previous section 3, suppressing cLFV in the µ − e sector. The most stringent constraint is thus the related cLFV radiative decay τ → µγ. On the left panel, two different behaviours can be observed. At low M R , the dominant contribution comes from sneutrino-chargino loops while slepton-neutralino loops dominate at large M R . This comes from the roughly linear right-handed sneutrino mass dependence on M R , leading to their decoupling at large M R . On the right panel, we can see that large values of A ν increases both cLFV radiative and Higgs decays when the sneutrino-chargino contributions dominate. However, the exact value of A ν where they reach their minimum can be different, leading to an enhanced BR(h → τ µ) with BR(τ → µγ) in agreement with experimental limits. This leads to BR max (h → τ µ) ∼ 1%, a value large enough to explain the CMS and ATLAS excesses. A more detailed discussion of the dependence on relevant parameters can be found in [13] .
Conclusion
Following the discovery of a Higgs boson at the LHC, searches for cLFV Higgs decays offer a new way to probe the mechanism at the origin of neutrino masses and mixing. We have presented here the results of two studies of cLFV Higgs decays in the inverse seesaw and its supersymmetric realization, showing first that they are complementary to cLFV radiative decays because of their different dependence on the seesaw parameters. In the non-supersymmetric inverse seesaw, BR(h → µτ ) and BR(h → eτ ) as large as 10 −5 can be expected, which can be probed by future colliders. Supersymmetric contributions to h → τ µ can lead to branching ratios up to 1%, which could explain the CMS and ATLAS excesses. If the seesaw scale is low enough to generate these large branching ratios, the scenarios considered here could lead to a substantial production of heavy neutrinos at the LHC, leading to specific final states like µτ jj with M jj = M W [18] .
